
"Roper, Ralph" To: Juan ParralDCIUSEPAIUS@EPA 
<Ralph.Roper@heritag 
e-enviro.com> <Tom.Roberts@heritage-enviro.com> 

11/25/2003 1220 PM 

cc: "Opell, Doug" <Doug.Opell@heritage-enviro.com>, "Roberts, Torn" 

Subject: Heritage Se Variance Application Supplement 

Juan - Attached are the backup documents €or the supplemental tests I 
summarized in my e-mail to your yesterday. It includes our 11-24-03 e-mail 
letter to you, my lab test protocol and summary, and the ICP metals data from 
the analytical lab. 

Ralph 

c<2003-11-25 Heritage Supplement to Se Variance.pdf>> 

2003-1 1-25 Heritage Supplement to Se Varianc 
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Roper, Ralph 

From: 
Sent: 
To: 
cc: 
Subject: 

Roper, Ralph 
Monday, November 24,2003 6:35 PM 
'parra.juan@epamail.epa.gov' 
Opell, Doug; Roberts, Tom: Price, Ken; Kriech, Tony; Hamrick, Winde 
Heritage Variance Petition -Supplemental Stabilization Tests (Confidential Business 
Information) 

Juan: 
Per our discussion last Wednesday, we tested two additional stabilization recipes using the same 5 selenium waste 
samples that were originally used for our petition. The recipes were tested in an attempt to further optimize selenium 
stabilization using cementitious reagents. You will recall that the stabilization tests we submitted for our variance petition 
employed a 2:l cement ratio and a 0.7:l FSH ratio: and the TCLP selenium concentrations averaged 37.8 mg/l. 

I set the new tests up last Thursday (1 1/20/03) using the same cure time (24 hours) as was done previously. Round "A" 
used a recipe of 1:l cement, 1:l cement kiln dust, and 0.7:l FSH. Round "B" used a recipe of 1:l cement, 1:l cement kiln 
dust, and 0.35:l FSH. I obtained the "CKD" from one of our suppliers (Mintek Resources) and it reportedly was "very 
cementitious" and had a high free lime content. After adding the stabilization reagents, curing for 24 hours, and then 
extracting for 18 hours, I then filtered the TCLP leachate using 0 . 4 5 ~  autovial filters. The filtrates from the Round A tests 
that used 0.7:l FSH were unusual in that after filtration, amorphous selenium (elemental) post precipitated. Accordingly, I 
refiltered all 5 the Round A filtrates. Had I not done this, the true TCLP test results for the Round A tests would have 
undoubtedly been much higher. Post precipitation of amorphous selenium was not a significant problem with the Round B 
tests that used the 0.351 FSH dose. 

As it turned out, the average of the TCLP selenium concentrations (by ICP analysis) for the double filtered Round A tests 
was about the same as that for the Round B tests: 28.8 mg/l Se vs. 29.3 mg/l Se. However, I am reluctant to submit the 
results from the Round A tests because the double filtered selenium concentrations are misleading and the recipe, in my 
opinion, was not optimum. The individual results for the Round B samples that used 1:l cement, 1:l CKD, and 0.331 - 
FSH were as follows: 

Round B TCLP Selenium Test Results (1:l cement, 1:l CDK, 0.351 FSH): 
Sample 1 (No. 1183982) = 30.4 mg/l TCLP selenium 
Sample 2 (No. 11 83983) = 35.6 mg/l 
Sample 3 (No. 1184103) = 25.6 mg/l 
Sample 4 (No. 1184104) = 26.7 mg/l 
Sample 5 (No. 1184340) = 28.4 mg/l 

In all cases, the TCLP chrome concentration was removed to below the detection level. 

Tomorrow I will submit for your files an electronic copy of the lab sheets, the MSD for the CKD, etc. for this most recent 
round of tests. I presume this will give you and your staff all the information needed to finalize your conclusions about our 
variance petition submitted last May. Doug Opell and I will call tomorrow to discuss this with you. 

Sincerely, 
Ralph Roper, Ph.D., PE 
Heritage Environmental Services, LLC 
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Roper I Heritage Test Date: Thursday, November 20,2003 

1.0 Background: 
The stabilization recipe used in the Heritage Se variance petition was the same as previously approved by 
EPA for a similar waste. The recipe consisted of a 200% dose of portland cement and a 70% dose of FSH. 
Water was also added to make a thick paste that upon curing, solidified into a hard cementitious material. 
Optimization was performed in which cement doses of 13, 2:l and 3:l were tested. FSH doses up to 0.703 were 
also tested for removal of TCLP chrome. 

Supplemental Testing for Heritage's Petition to EPA for Se Variance ' 

Additional testing was requested by US EPA to determine if replacing half the cement dose with cement kiln dust 
(CKD) and reducing the FSH dose by half might give better results for selenium stabilization. 

2.0 Objective: 
The objective of this supplemental series of tests was to determine if a 1:l cement plus 1:l CKD stabilization recipe 
would be more effective than the 2:l cement recipe used for the variance petition. It was also of interest to see if 
lower TCLP selenium would result if the 0.70:l dose of FSH was reduced to 0.351. 

3.0 Waste Materials Tested: 
The same 5 samples of Guardian raw waste were used as were previously used for the EPA Se variance petition. 
The samples used and the TCLP results for the raw and cementFSH stabilized samples were as follows: 

Sample No. Batch No. Sample Date Lab ID No. Selenium content 
1 No. 11 83982 3/6/2003 HI43746 Se = 6.7% (est.) 
2 No. 1183983 31712003 HI43745 Se = 5.8% (est.) 
3 No. 1184103 3/7/2003 HI43748 Se = 6.0% (est.) 
4 NO. I I 84104 3tai2003 HI43749 Se = 7.2% (est.) 
5 No. 1184304 3/6/2003 HI43747 Se = 6.3% (est.) 

4.0.Protocol: 
1. For this series of tests, Heritage used a research-oriented scaled-down version of the TCLP test protocol. The 
method only differed from the standard TCLP protocol in that the mass of sample and volume of extraction fluid 
were scaled down to 114th the standard amount. 

2. Each test was set up the same way. IO-gram aliquots of the raw wastes were weighed out and placed in plastic 
cups. Next, 10.0 grams of portlant cement (Type I) were added and then 10.0 grams of CKD were added. 
The CDK was obtained on Nov. 20th from a local representative of Mintek Resources. It was said to be very 
cementitious and have a free lime content of about 25%. For "Round A" tests, the FSH dose was 0.70:l and for 
"Round 8" tests, the FSH dose was 0.35:l. After adding the dry materials, water was added in increments and mixed 
until a paste was formed. The paste was then transferred to a new plastic cup that had been preweighed. The net weight 
was recorded and then a watch glass was placed over the top of the cup during the cure time. The compacted volumes 
were measured by level comparison. 

3. After a cure time of 24.0 hours, the samples were tested for TCLP Se and Chrome. The TCLP tests were performed 
using 25 gram samples placed in 500 ml of TCLP leach solution No. 2. The TCLP sample containers were placed on 
the tumbler at 6:OO pm Fridaym Nov. 21st, and removed18.0 hours later at 1200 noon on Saturday, Nov. 22nd. 

4. After extraction, the pHs and ORP were measured. Aliquots were filtered with 0.45 u autovial membrane filters before 
submitting to the lab for ICP metals analysis. / 

5.0 Test Formulations: 
NO. 11~3982 NO. 11a3983 NO. 1184103 NO. iia4104 NO. 1184304 

Round A Tests (grams) 
Guardian Raw Sample 

Portland Cement (Type I) 
Cement Kiln Dust (CKD) 

Ferrous Sulfate Heptahydrate 
Water (gms) 

Total Weight: 
Grams raw waste in 25 gms mix: 4.3 4.2 4.2 4.2 4.1 

Cement to Waste Ratio: 1:l 1 :1 1:l 1:l 1:l 
CKD to Waste Ratio: 1 :I 1:l 1:l 1:l 1 :I 

Heritage / Roper 
November 25,2003 Confidential Business Information 
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Heritage I Roper 
November 25,2003 

PH 
ORP 

Se (mgh) 
Cr (mg/l) 

FSH to Waste Ratio: 
Time mix was prepared on 11l20l03: 

Empty cup tare wt (gms): 
Total Weight after mix added: 

Initial wt. of wet mix placed in cup: 
Approx. volume (ml): 

Wet Density (gms/rnl): 
Total weight after 24 hours (gms): 

Test 4A Test 5A Test 1A Test 2A Test 3A 
1 I .85 11.91 11.86 1 1.86 11.94 
-448 -464 -462 -51 5 -481 

** ** ** ** ** 

BDL BDL BDL BDL BDL 

0.70:l 
5:lO PM 
14.08 
68.18 
54.10 

40 
1.35 

67.52 

PH 

Se (mg/l) 
Cr (mgll) 

ORP 

0.70:l 
520 PM 

14.09 
69.38 
55.29 

40 
1.38 

.68.92 

Test I B Test 2B Test 3B Test 4B Test 5 8  
11.96 12.03 12.07 12.05 12.11 
-478 -501 -461 -472 -487 

30.4 35.6 25.6 26.7 28.4 
BDL BDL BDL BDL BDL 

0.70:l 
325 PM 
14.47 
72.04 
57.57 

40 
1.44 

71.41 

0.70:l 
530 PM 
14.14 
71.19 
57.05 

40 
1.43 

70.79 

0.70:l 
5:35 PM 

14.05 
71.74 
57.69 

40 
1.44 

71.22 

No. 1183982 No. 1183983 No. 1184103 No. 1184104 No. 1184304 
Round B Tests (warns) 

Guardian Raw Sample 
Portland Cement (Type 1) 

Cement Kiln Dust (CKD) 
Ferrous Sulfate Heptahydrate 

Water (gms) 
Total Weight: 

Grams raw waste in 25 gms mix: 
Cement to Waste Ratio: 

CKD to Waste Ratio: 
FSH to Waste Ratio: 

Time mix was prepared an 11/20/03: 
Empty cup tare wt (gms): 

Total Weight after mix added: 
Initial wt. of wet mix placed in cup: 

Approx. volume (ml): 
Wet Density (gmslml): 

Total weight after 24 hours (gms): 

4.7 
1:l 
1:l 

0.35:l 
5:40 PM 

13.88 
64.83 
50.95 

35 
1.46 

64.30 

4.6 
1:l 
1:l 

0.35:l 
5:45PM 

14.16 
63.64 
49.48 

35 
1.41 

63.21 

4.6 
1:l 
1:l 

0.35: 1 
5:50 PM 
14.16 
65.17 
51.01 

35 
1.46 

64.68 

4.5 
I:? 
1 :I 

0.35:l 
5:55 PM 
14.11 
66.47 
52.36 

35 
1.50 

66.07 

4.6 
1:l 
1 :I 

0.35:l 
6:OO PM 

13.89 
64.73 
50.84 

35 
1.45 

64.33 

6.0 TCLP Test Results 

(The TCLP Se average for the Round B tests was 29.3 mgll) 
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' 2003-11-23JPK. Visla All Dala Repoil. 11124103.940 15 AM 

Sn lS9.927 Cdilinitiiin (ppni) 
I.ahel Flag Int. (c:s) SIJ Conc. 
Rlsnk 0.88.1.i7 t~.lN)llOl)li  
Standard 4 736i.9 11).0Ol~ 
Curve Type: h e a r  

lIR3/(13, II:J.I:Zl ~\%l 

I:qualion: y -736.207 Y ' O.SRJ475 

Sr 216.546 Calihratiiin (ppni) 
lahel I:lagi Id. ~ c k )  Std Cmc. 
Blank .I .611li o.~x~~inno 
Standard 2 SM)? t IO.000 
Curve Type: I.inear 

Ti 322.281 Cnlihrdtinn (ppin) 
h h e l  . Flags Int. (E&) Std Conc. 
Blaek I(XI.M II.(X)lH100 

Curve Type: Linear 

TI 1911.794 Calibration (ppin) 
t.a+l I:lap Int. (ckj  Std Conc. 
Blank -0.88046 I~.(fi(Mrn 

Curvel'ype: Ihear Eqaation: y = 442.451 x - -0.880457 

V289.16.4 Calihration (ppm) 
.. .. Flag5 Int. ids). Std (:one. 

Blank 0.23270 0.001N)OO 
Standard 2 7692 I I0.000 
Curve Type: I.inear llqualion: y = 7692.12 x -(I232696 

ll/Z3/Il3. Il:U:21 4hl 

Equation: y - 5(\01.28 x ~ -1.6N35 

11/23/lI3,11:44:21 AM 

Standard 1 88692 io.n(w) 
Equation: y - 8SS9. II s - 101).0511 

11/23/113, 11:44:21 AM 

Standard 2 4373.6 i m x )  

ll/23/l13, Il:U:21 Ah1 

Zn 206.200 Calihratiiin (ppm) 
lahel . .  ?!a&? Int. (CIS) Std Conc. 
Hlank I.Olh0 n.IHnXH0 
Standard 2 i i n ~ s  10.1)OI) 
Curve Type: I.inear 

Zr 257.147 Cdlihration (ppm) 
label Flags lnt. (cis) Std-Cnc. 
Blank 13.398 0.~X)~H)O0 
Swndard 2 1142.39 I0.OlM) 
Corve'rype: Linear Equation: y =  11422.6 x -  13.3985 

llR3/(I3, Il:4?:2# AM 

Eqilation: 5' = 710.851 s '.. I.0lh 

11/23/03, ll:sL:21 A M  
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4 I 094 
27088 

16396') 
I89078 
87x7s 
79478 

? l l O ? R  
47677 
71293 

4257.4 
818.3283 

l.ihl I 

8079.1 
60 I .a 
1217.5 
10856 

3464.3 
26678 
4.3045 
20x42 
37562 

217259 
3296.8 
56234 

7 I 60.2 

42078 
27612 
I68116 
I02901) 
8970.') 
x0i i7  

2 I5407 
$87 I i 
71791 

4.361.7 
R 2 9 7 8 4 3 

13109 
7259.0 
82.62.9 
6?2.09 
1229.5 
I 1059 
xm.0 
27346 
43991 

2134.7 
.38.3S5 

1 176x4 
,1377.9 
57533 

Correlation Coefficient: 1.1111111IlIIl 
Calc Conc. Error ?'nllrror 

II).lHWI O.OOIHMH) 0.0 
o.noimo ~ 

Correlation Coefficient: I .OlIO~Wl~I 
CaleCflne. ,,, . error %Error 

m.ow 0.0oooo0 0.0 
n . w m  - 

Correlation Coeffiiienl: I.OIlOM)iI 
. CalcConc.. . - . ... . Rrmr %Error 
n.woooo ~ 

I o.oon n.o(MIo(x) 0.0 

2003-11-23JPK. Vista A[I Data Report. 11124/03, 9:40:15 AM 

CC\'(CCV) I1/23/l13,4:21:30 Pb1 RdCk 2, Tuhe 2 
. el .. . Wavelen, 
AS 318.M8 
A I  237.312 
A s  188.980 
U 219.712 
Ra 233.527 
Be 234.861 
(:a 315.887 
Cd 
co 
Cr 
CU 
Fe 
K 
1.i 

Mn 
Mo 
Nd 
Na 
Ni 
Ph 
Sh 
Se 
Si 
Sn 
Sr 
T i  
TI 
V 
Y 

%I1 

7.r 

Mz 

Rrp&ites Intensity ( c k )  , , . . . . . . . . . . . . . . 
36023' 36341 36390 
2714.5 2778.9 2780.4 
1585.7 i6ni.i I(3l6.3 
Z934 24566 24581 

189431 193191) 103334 
291 78 I 297862 29802 I 
316208 323056 323124 

228.802 41995 
23 I. 11% 27687 
267.716 16x793 
324.754 103607 
261.382 WIO I .6 

6 I0.i65 215419 
?79.1)78 48791 
29i.i05 72908 
202.032 4375.5 
589.591 8297238 

221 ,648 7261.5 
220.351 8255.6 
2 17.582 613.77 
196.026 122X.Z 
251.611 11146 
189.927 3616.0 
?16.596 27682 

t 90.794 2147.3 
289. I64 i RJ I 0 
i 6  I .  104 2 I8043 
?06.200 3385. I 
257.147 5762 I 

728. 181 xnosu 

568.82I 13802 

3222x4 44052 

El. Wwelen. S o h  Cmc. IJ i i i rs  SI1 ?&RSI> lnt. ( ck )  Calc,Co:ic. IS 
Ag i28.068 0.'17467 ppni 0.IX)SJiS 0.6 36251 0.97467 ppni Y %I .1IN 
AI ?;7..31? 4,924.; ppm O.IJ67620 1.1 2757.9 4.0243 ppw V Xil.lO4 
A F  IR8.980 4.9647 ppin O.O.~4S99 0.7 1598.4 4.9647 ppni Y .361.103 
I1 249.772 2.0171 ppin 0.030M)Z 1.5 24361 7.0171 ppni Y36l.IOJ 

QC Value 
97.46725 
98.48660 
99.29462 

lNIM566 

I 

1 
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2003-11-23JPK. Vista All Data Report. 11/24/03.9:40:15 AM 

El Wavelcn. Sol’n Conc. 
B3 ?3.3..527 
ne 234.861 
ca ,315.887 
Cd 228.802 
c:n 2.31.160 
Cr 267.716 
Cu il4.754 
re 261.382 
I( 72X.lXl 
1.i 610.365 
blg 279.07x 
Mn 293.305 
MO 2n2.nx 
Na 589.592 
Ni l21.64X 
Ph 220.353 
Sh 217.S82 
Se 196.026 
Si Yl.6lI 
Sn 189.927 
Sr 216.596 
Ti 322.284 
TI 190.794 
V 289.164 
%n 206.200 
7.r 257.147 

El ~ U’avelcn: 
Y 3hl.lO4 

4.9I1i)X 
5.f1882 
49..S9 I 
5.003.3 
1.8697 
4.9325 
4.96ih 
4.8967 
51.8IJ 
4.96XI 

4.87.55 
0.99.378 

50.X78 
4.8562 
1.8311 
I .O? I 7 
4.88 I 2  
1.9871 
4.X356 

4.9192 
4.7623 
4.975.3 
4.70.38 
5.(H)24 

Ra$? 

Jx.oin 

4 . m 1  

Ij.’17370 

ppni 0.1)56.(.37 
ppii 0.061 170 
ppm 0.61630 
ppni 0.065.300 
ppm 0.0S77.51 
ppm 0.079229 
ppni 0.0G591 
ppiii 0.06428.5 
ppni 0.2X485 

ppni 0.616X3 
ppm 0.0607.35 
ppni O . O I 1 X i S  
ppni 0.1OJI6 
ppm O.n.;SXjg 
ppni 0.06 I269 
ppin 0.017126 

ppni (3.067.355 

ppni n.o-l53 I 8  

pplll n.o263ss 

ppm 11.1 163? 
ppni 0.00 I258 
ppm 0.063X56 
ppm 0.075581 
ppm 0.0627,;X 
ppni 0.069030 
ppni O.067965 

Int.(c&) . SD(lnt) 
217662 i92.259 

I.? 19f9X5 4.9I10X ppm 
I . ?  205884 5.ORX2 ppm 
I.? i?f)R?O 49.191 ppm 
I..; 41712 5.0033 pprn 
1.1 27462 4.8697 ppm 
1.6 167059 4.9325 pprn 
1.3 1918% 4.9656ppm 
1.3 X92.3.0 4.8967 ppm 
0 .5  79958 52.R14 ppm 
0.9 21328.1 4.9681 ppni 
l..3 4x394 18.010 ppm 

1.5 433 1.6 0.99378 ppin 
(1.8 8159455 50.878 ppm 
(I.% 7226.9 4.8562 ppni 
I..; 8199.3 4.8314 ppm 
1.7 6 1 ~ 2  1.0217ppni 
0.5 I??5.l 4.8812 ppni 
1.4 I1020 4.9X71 ppni 
2.4 3563.1 1.8356 ppm 
1.9 27235 4.8601 ppm 
1.3 13697 4.9192 ppni 
1.6 2122.1 4.7623 ppni 
1.3 381 19 4.9753 ppni 
1.5 i35s.3 4.703x ppm 

%RSI) 
0.2 

1.2 7’331 4.8715 ppni 

1.8 57129 S.(X)2f PQIIl 

BLAOl (CCB) lln33ill3,427:13Phf Rack2,Tuhe3 
. yaveien., ,Replicates Intensi5 fcls) . .  

~g 32x.nhx -13.261 -1.276~ -;.iCiii 

AS ixx.980 o.nxi)190 -o.ni; in2 -0.46227 
R 249.772 261.68 262.66 257.01 

AI 237112 1.0155 0.47574 1..3605 

Ba 233.527 106.97 106.57 108.48 
Be 234.861 11.139 7.6.340 13.588 
Ca 515.887 127.54 117.88 130.16 

I 

! 

2003-11-23JPK. Vista All Data Report. 11/24/03,9:40:15 AM 

E!. . Wavelen. Replicates Intensity (gs) 
Cd 228.~02 0.42967 0.70559 2.0723 
co 231.160 8 . m s  7.5031 6.04~9 
C:r 267.716 29.121) 21.948 IX.402 
Cu 324.754 IS.OX6 10.525 16.291 

2 m . m  4.on44 5.2987 4.2457 
K 728.181 105.20 101.87 97.627 
1.i 610.365 489.27 460.47 475.30 
~g 279.078 6.1468 4.5378 5.7254 
M n  293.305 9.9341 9,9502 ll).R40 
Ma zn?.o.3? 2.6794 n . 6 e i x  2. 170.; 
~n 589.592 640.58 5633 w . 4 6  
Na 568.821 -22.3.01 -200.57 -220.37 
Ni 221 .MX -0.44723 o . n m  I -0.o I I996 
Ph 220.353 0.61871 0.63534 -1.0949 
Sh 217.512 -2.510.S -0.64.35I -2.6281 
se 1~ j .026 o.imii 0 . ~ 7 7  1 ~ 7 6  
Si 251.611 29.271 22.010 2l.105 
Sn 1R9.927 -0.065724 0.46082 0.10344 
Sr 216.596 L7359 1.4079 2.0390 
Ti 322.284 43.013 46.50.; 43.402 
TI 190.79~ 0.245~7 o.ni(w)o4 -o.osaw 
V 2R9.IfA -3.1030 2.3993 3.5778 
Y 361.104 474168 479x24 483377 
Zn 206.200 0.5860% -0.16292 1.2.102 
%r 257.147 8.9757 9.0377 9.30.34 

El 
hg 
A I  
A S  

R 
Ba 
Be 
Ca 
C;d 
c a  
Cr 
CU 
re 

- Wavslcn. 
328.M8 
237.112 
IRK.980 
249.771 
u.3.527 
234,%1 
31S.XX7 

23 I. 160 
267.716 
324.754 
26 I .3 82 

.- . 

22x.xn2 

XRSD 
M. I 

.. . . .- 

8.8 
1486.6 

1.R 
21. I 
15.7 

708.2 
262.2 
6.2 

.3.7 
21.9 

40. I 
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tS OC Valuc 
Y .36I,lf14 9X.01678 
Y .36l.lf)4 101.76.360 
Y ihl.lO4 9X.78258 
Y .36I.l04 IfH).066lO 
Y 3hl.104 973943.3 
Y XI.lO1 9R.64067 

Y .36l.l04 97.9.?4!7 
Y 36l.lOl 105.6?835 
Y .;61.104 99,3638 

Y .XI. 104 97.46998 

Y .36l.104 101.75507 

Y ,;CY, in4 w.3 I 217 

Y 361.104 ~ 6 . n i w  

Y . ~ i . i 0 4  99.37762 

Y i 6 i . 1 ~  97.12474 
Y i61.104 96.62794 

Y ;t,i.im 97.m91 
y 36 1. in4 99.74 106 
Y 3t,i.in4 96.71226 

Y 361,104 10’2.16725 

Y i61.104 97.20123 
Y :fJ1.104 9)3.38146 
Y .361.104 9.24585 
Y .361.104 99.50(34? 
Y 36l.iDJ 93.07528 
Y .XI.IO=I 1oo.11~7r~i 
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IS 

Y 36l.lo4 
Y Ihl.lO4 

Y .XI. IO4 
Y i6l. lOJ 

Y 361.104 
Y 361.101 
Y ,361.104 
Y 361.10-1 
Y .36l.l04 

_ _  ... -. .- .. .._ . 
Y 36i.in4 

Y 3 6 1 . ~ ~ 4  

Y 36i.104 
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t 

i 

I 

1'1 
K 
1.i 

hlp 
Mn 
Mo 
Na 
Ni 
Ph 
Sh 
st2 
Si 
Sn 
Sr 
Ti 
TI 
V 
%n 
Zr 

Wavclen. 
728.IRI 
610.365 
279.078 
?9.3..305 
202.1).3-1 
589S92 
221.648 
22n.35.3 
217.582 
196.026 
251.61 I 
189.927 
216.596 
322.281 
IW.794 
289.164 
206.200 
37.147 

%RSD Int. [cis) Cale ('onc. 
21.8 101.57 -l).i)l I ? x  PPI" 
4.5 J~S.OI -n.in)7;76 ppI1l 

231.4 10.241 -l~.0001115 ppn1 
22.7 1.8iIX -0.fN1071 ppra 
18.9 632.14 -O.(M)?127pptii 
IR.7 -0.14833 0.00WX ppni 
33.2 I).OS3050 0.00176? ppm 
61 2 -1.9273 0.002090 ppin 

197.2 0.72653 -O.Mll)l3 ppin 
263.0 24,129 0.00(177? ppm 
37.5 0.16618 -0.noo973 ppIv1 
18.0 ?.0609 0.000658 ppm 
i . 4  .l4.31)6 -0.006293 PPI11 

16.5 0.067193 I).OO2161 ppm 
494.3 0.95760 0.000094 ppm 
151.7 0.55443 -0.000651 ppm 

21.9 5.4700 O.oI).3771 ppm 

1.0 9.1056 -o.noo3.yi PPI11 

El. \h'avelen. Rg~io . Int. ( C I S ) .  SD(,lnt) %RSO 
Y 361.104 2.143') 479256 5 3  i.m 0.0 

R Roper 1A (Sanip) 
Weight I Volume: I Dilution: I 

El . Wavelzn: RcpliFates Inlens.i!y (cis) , , . .. 
.;\e 328.068 -120.42 -119.di. -128.19 

AI 237.312 13.762 5.1821 6.74.30 
As IXR.980 -0.78573 -43818 -1.660.3 
B 249.772 4303.8 4492.7 4526.4 

Dr 2.33.861 1.6412 i.8809 -3.2528 

Cd 228.802 1.2305 -4.9120 3.5444 
.Co 231.160 5.2702 17.558 12.377 
Cr 267.716 5..3139 13.895 2.0563 
Cu 324.75-1 859.80 $73.27 856.30 
Fe 261.382 94.996 92.809 73.700 
K 728.181 431967 431742 43.3760 
1.i 610.265 4 7 O ?  47714 -47568 

I Ii23fi3.49lkSfi PM Rack 2, Tuhe 4 

Rd z33.527 I?666 )?')I3 1300.3 

C d  315.887 13630303 l.?8%140 13844866 

2003-11-23JPK. Vista All Data Rem. 11/24103,9:40:15 AM 

El .- LVtvelen. Replicates lntensity(cis) 

Mn 293.305 33.533 34.476 35.091 

Na 5x9592 29958624 .30011751)6 2985859X 
Na 568.821 109.531 110235 111)529 
Ni 2?1.648 19.545 23.294 16.658 
Ph 220..35.3 -.3.3182 -3.3616 -1.4419 
Sh 217.W 4G.558 34.902 33.784 
st2 196.026 672.3.3 7030.4 7101.2 
Si 251.611 2511.7 2523.9 2501.0 
Sn lX9.927 6.5749 4.3603 5.3639 
Sr 216.596 10914 11065 11060 
Ti 322.284 , 2.fi7rX) -15.497 -5.7.3.32 
.ri 190.794 -IW? -17.127 -10.333 
V 289.164 -0.73364 -12.516 .l4.891 
Y 361,104 196697 196.588 197018 
%n 206.2(N 12.216 0.6722 11.805 
7.r 257.147 .366R.6 3563.4 2588.5 

El Wavelen. Sol'nConc. Ilnia S q  %RSD , . .. Int. [c:s)-Calc Conc. 
~g 3?X.068 -0.~)i1073tI' ppni o.(dBi38 3.5 -12h.16 -0.00407.3 ppm 
AI 237.712 0.019529 ppm 0.008221 42.1 X.5623 0.019529 ppni 
As IRR.9I;O 4.00675411 ppm O.(Y)5827 xh.3 -2.2761) -1) OOh75d ppni 
B 249.772 11..36415 ppni 0.000935 2.7 4431.0 0.36415 ppni 
Da 233.527 0..3259f) ppm O.MI4463 1.4 I2861 0.32590 ppni 
Be 234.861 0.000120 ppni 0.MM063 52.3 0.75644 I).IW)OlXf ppni 
Ca 315.887 2120.Xh ppni 19.495 0.9 13776436 2120.8 ppni 
Cd 128.802 -0.WOl0211 ppm 0.ofX)524 51-32 -0.045673 -O.IM)Ol02 ppm 
Co 2.3 1.160 -0.002750uh ppm O.OolO93 .39.7 11.735 -O.I)D?751J ppm 
Cr 267.736 -O.(M)O876u pprn 0.000181 20.6 7.088s -f).l)fN876 ppni 
Cu 324.754 l>.Ol9811 ppin 0.0002.32 1.2 863.12 l).ill9Xl4 ppni 
I? 2151 . is2 0.04!587 ppiii 0.M16390 14.7 87.169 0.O43587 ppm 
K 728.181 276.4ih ppm 0.88707 0.3 43.3190 276.4; ppm 
1.i hlO.3h5 -1).35556uh ppni 0.012687 3.6 -47328 -O.355.56 ppin 
Mg 270.078 O.Ohl472 ppm 0.i110305 16.8 63.632 0.061472 ppm 
Mn 293.305 O.Oil161 I ppni O.(N0053 3..> .34..367 O.OI)lhl I ppm 
Mo 20?.03? O.OfX26 ppm O.IXj3.564 5.2 303.88 fI.OhX.32h ppni 
N3 589.592 I82.48o ppm 0.45961 0.3 29041576 IRI.IRppm 
Nn 568.821 344.94h ppm 1.6701 0.5 I lOIN8 344.94 ppni 

MZ 279.078 54.078 62.129 7 4 . 6 ~ ~  

MO 202.032 3 2 0 . ~  301.73 289.52 

Ih  - 

IS QC Vdae 
Yi61.1f.I .D.OI IZ i  
Y .XI.I04 -0.00738 

Y ,361.IW -0.DOIX)Z 
Y .XI.lW -0.00107 
Y i61.104 -0.00213 
Y 36). Io4 0.I)Olr).3 

Y -36 I. I04 0.00299 
Y 361.104 -0.00101 
Y .361.104 0.M077 
Y 36 I .lo4 -0.00097 
Y 361,104 O.OO(Ki6 
Y .36 I. 104 -O.(M629 
Y 361.104 0.00216 
Y X l . l O 4  0.00009 
Y 361.104 -0.00065 

Y 3 6 1 . 1 ~  0.00.377 

s.36i.io4 0.00176 

Y .x1.104 -0;0003x 

Page 10 of 31 

1 

1 

.IS, 
Y 3 h l . l i l 4 - ~  
Y 361.104 
Y 361.104 
Y 361.104 
Y .361.104 
Y 361.103 
Y 361.10-2 
Y 361.104 
Y 36l.ll)J 

Y 3hl.lW 
Y 361.104 
Y 361.104 
Y .ifiI.104 
Y >6l.l04 
Y 36 I. IO4 
Y .361.1o4 
Y 361.104 
Y.361.104 

Y -26 I. in4 

7 
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POI ' I YE A 
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P(1 l ' lYCA 
t 0 l ' l Y E  A 
K 1 1 ' I Y E A  
W.l'!Yi'A 

SI 

a 

56EOWO 
6 I Y60VO 
XLSY9'O 
E S L L W O  
f IO I 00'0 
YPLOOO'O 
LYYt ' l  
96C6I3 
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8PXi00'0 
O(JP6w'(f 
SOY I SO 
EYSZ00-0 
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201 00041 
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as 
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ludd 
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udd 
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rudd 
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U% 
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'S 
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!S 
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4s 
Ud 
?N 
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171 \Vavelen. Sol'n Conc. I h i t 5  SD %KSD Int. (cis) Cnlc Cim. IS IF 
Sr ?I6596 l.Wl9 ppin 0.ll32711 1.7 IlO4h 1.97IOppn1 V 36.104 I.IH)OO 

TI 190.794 -O.O?017iu ppm 0.004220 20.9 -9.8797 -0.020175 ppni Y ,361.lO4 I.ol)o() 
V 289.165 -O.OI)I)~I)~~I ppm 0.000942 I X6.h -i.6699 -0.000S05 ppm V 36 I. 104 1.01101) 
Zn 206.2IlO 0.1118678 ppni 0.003268 17.5 14.314 O.Ol867S ppm Y 361.104 1.00011 
%r 257.117 Il.ll.305l-i ppni 0.002566 8.1 362.10 0.030514 ppin V 361.101 1.00(10 

GI Wavelrn. Ratio lnt. p s )  $p;nclnt) 0hRSD v i 61  104 0.87945 106503 431.%0 0.2 

Ti 327.284 41,OI llJ47lI ppin 0.000169 1.5 .?,05'1? -0.01 1047 ppm Y 3hl.lOJ I.(H)ll0 

R. Hoper 3A (Sanip) iiiz3/03,a7:23 mi R W ~  Z.TMIX 6 
Weight: I Yofunie: I Dilution: I 

It1 Wavrlen, Rrplicales lmensiry IC!~) . . .. . , . , , . ' . .  
Ag 328.068 -119.-19 -128.36 -125.38 
A I  237.312 10.319 8.3143 4.2290 
As 188.980 -1.0?58 -0.41736 0.88016 
R 249.772 5955.7 6267.8 6290.4 
Ra 2.33.s27 I2080 12608 12514 
Re ?34.X6l -1.8382 7.3516 -1.8582 

Cd ?ZR.X02 .3.0497 -1.5652 -1.1529 
Co 25l,l<fi 7.2410 6.5385 3.4544 
Cr 267.716 15.707 9.5493 6.9564 
c:u .3?4.751 835.90 865.25 837.31 
1% X1.X 21.456 22.985 19.561 
K 728.181 424462 4?6(r)3 425671 
1.i 610.365 -44217 -44967 -45171 
ME 279.078 69.440 75.868 77.625 
Mn 293.305 -34. IO8 40.723 34.496 
Mn ?02.OY! .3.30.36 .325.83 319.08 
Na 589.592 .3014??50 iOZ3MI4 30291276 
Na 568.821 118148 IIX8.51 119064 
Ni 221.648 5.3135 4.7831 5.0366 
Ph 220.353 -I.hhOl -2.8509 -1.6676 
Sh 217.582 21331. 15.721 15.917 
Se 196,OX 7404.6 7679.4 7672.9 
Si 251.61 I 2870.5 2921.1 2882.4 
Sn 189.927 2.0448 4.7148 4.5570 
Sr 216.596 I0831 11117 I1084 

c o  315.~87 1 3 x i ~ i n  13507041 134x5775 

i 
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E1 Wavelen. Rcplicatea lntcnsity @s) .,.. 

Ti 322.285 -7.8410 0.91858 2.3677 
.r I 
V 
V 
Zn 
%r 

El 
A 6 
A I  
A S  
I? 
Ra 
Re 
Ca 
Cd 
co 
Cr 
Cll 

Fe 
K 
1.i 
MI: 
Mi1 
MO 
Na 
Na 
Ni 
Ph 
Sh 
sc 
Si 
Sn 
Sr 
Ti 
'TI 
V 
%n 
%r 

190.794 
289. I64 
.36 I. 101 
2lM.200 
257.147 

Wavelen. 
.i2k.cKik 
237.312 
188.980 
249.772 
2.33.527 
234,861 
3 15,887 
228.X02 
23 I. I b0 
267.716 
,324,754 
261.382 
728.lRl 
hlO.3h5 
279.078 
20: .io5 
202.0.32 
589.592 
568.821 
22 I ,648 
220.3si 
217.582 
196.026 
251.61 I 
189.927 
216.506 
122.?*L 
190.791 
289.164 
21)6.21nl 
257.147 

-7.1161 -10.277 
4.818s -2.9454 
I97666 197906 
I ?SX8 I I .406 
IM.00 160.78 

S o h  conc., Ilnia 
-ti:00io19~ ppm 
0.019719 ppin 

-I).OO0267u ppni 
0.50748 ppm 
0.3 I422 ppni 

0.0(w)I?I ppm 
2O66.7h ppm 

-O.M)007jii pprn 
-1).003533uh ppm 
-O.~WH)768U ppni 
0.019369 ppn1 
0.007701 ppm 

271.331, ppin 
-0.1 1 59611h ppm 
0.07?1167 pprn 
o.rn)i75o ppm 
0 073205 ppm 

l84.190 ppni 
371.S?h ppni 

I).OI)?(H)9 ppni 
n.(HX)7 I2 ppni 
0.035210 ppni 

,30246 ppm 
I . i O 0  pprn 

O.oI).392 I ppn1 
1.9656 ppm 

-0.01 I57lu pprn 
-0.019647~ ppni 
O.Of)O246u ppni 
0.01 50x5 ppin 
0.0l.3020 ppin 

11 1.570 
3.5848 
197426 
I 1.294 
162.02 

SD 
O.fKIO123 
0.Of)SM)b 
0.003025 
0.0 I 5493 
0.007052 
0.00009 I 

19.027 
O.oo0306 
0.000357 
(I.M0133 
0.00042x 
O.ciw.38 
0.53347 

0.01 16.56 
0.004275 

. . .. .., . 

o.oon2so 
o.(n) I :o4 
0.45587 
I s703 

0.000 I78 
11.000404 
0.005237 
0.62SX0 

O.IM)Z035 
0.027852 

0.0i)S I79 
0.000542 
O.OoIO1)X 
0.fWH)142 

o.01 2009 

o.o(n)624 
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%RSD 
4. I 

28.4 
1132.8 

3.3 

75.3 
0.9 

108.0 
10. I 
17.3 

12.2 
0.2 
i .7  
5.9 

14.3 
1.8 
0.2 
0.4 
x.9 

56.7 
la!] 
2. I 
11.9 

51.9 
I .4 
5.4 

26.4 
230.4 

6.7 
1.1 

7 7  

7 7  

3 A  
Int ( d s )  Calc Conc. 
-134.4 I ' - 0 M o i 9  ppin 
7.6.306 n.019710 ppm 

-0.18766 -0.000267 ppin 
6171.3 0.50748 ppm 
I2401 0.3 I 122  pprn 
l.2IX4 I).IMX)I2I ppm 

134?5312 2066.7 ppni 
0.1 I049 -0.OOM75 ppin 
5.7446 -0.003533 ppm 
10.738 -O.(X)O76X ppm 
846.15 O.Ol9X9 ppni 
21..367 0.007701 ppin 

425409 27 I .33 ppm 
-44785 -0..1 I596 ppni 
74.3 I I 0.072067 ppm 
i6.443 0.001750 ppm 
325.09 0.073205 ppni 

:022?982 1x4. I9 pprn 
I I&% 373.52 pprn 
5.0444 0.002009 ppni 

-2.0595 O.@!X)712 ppm 
17.656 0.035210 ppni 
7585.8 311.246 ppm 
2891.i i..xoi) ppm 
1.7721 l1.007931 ppni 
11010 1.9656pprn 

-1.SIRS -(MI1 1571 ppni 
-9.6513 -0 ( I  I9647 ppni 

I.8103 O.(M)l)?46 ppin 
11.763 0.015085 ppm 
162.27 0.013010 ppm 

!S r?r 
P i6t.iO4. ' INJ~I) 
Y 361.104 l.00(10 
Y -36 I. I04 1.01)01) 
Y 361.104 I.ol)00 
Y 361.104 1.1)OOO 
Y 361.104 I.OOfH1 
v 361.103 I.OO(H) 
V361.104 I.0000 
Y 36 I. 104 I .0000 
Y 361.104 l.oo01) 
Y 36 I. 104 I .oooo 
Y 361.104 1.0000 
Y 3hl.l04 1.WI)O 
Y 36 I . 104 I .OoOl) 
Y 361.104 I.0000 
V 361.104 1.OOI)O 
V 36 I. IO1 I .oOOfl 
V.161.104 I.(MlW 
~ 3 6 1 . 1 0 4  i.ooon 
v x i . in4 i.0000 
Y 361.101 1.0000 
v Sh1.11)4 l.0000 
v .36 I . I04 I .0000 
Y 36 I. I04 I .O(K)O 
Y 361.104 . 1.IM)OO 
v ,361.104 1.0000 
V .36 I. I04 I .OO(H) 
v 361.104 1.0000 
Y 361.101 I.00IX) 
v 36 I. I04 I .00)00 
v 361.104 1.0()00 

I 

I 
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131 Wnwleit. Kstin Ini. (ds) SD(ln1) ?aRSD 
Y 361.10.1 (I.RX-125 IO7666 21O.OtN) 0.1 

R. Riipcr &\ (S:iiiip) I1/23/03,4Jlk3h Y M  Rack 2, TiiLe 7 
Weight: I Volume: I r)iliiiion: I 

FI Wavclen. KepliCJlcs Intensify ( c h )  
As 3?8.068 .I l&Xl -129.34 -126.93 

As 188.080 -?.787h -5.1839 -1.4656 
AI ?;7.:12 ILUX io.61') 10.~69 

\ 

R 149.772 h1il.X 6592.0 6607.2 
Ra 23.3.527 116~12 I?W) 121)41 
Re 234.861 0.98262 8.7447 7.3044 
ea 315.887 1299.3l)?h l.32W81.3 13.364945 
Cd 228.SO2 -2.1290 ?..ill4 -3.84.71 
Co 231.16(1 10.597 6.3538 2.6599 
Cr 267.716 S . l ? N  9.9582 4.0538 
ClI 324.754 8 3 3 3  N7.34 831.85 
Fe 26l.iX2 18.503 20.577 19300 
K 728.181 11948.3 421093 323872 
1.i 610,365 -4.3000 -44256 -44557 
big 279.078 02.427 I O O . ~ ,  1 0 m  
Mn 293.305 .38.5OX 33.3ol) 29.858 
hlo 202.032 .iSZ.I? 350.04 353.22 

589.592 .30821474 3075.3544 31035640 
Na 568.821 1.37516 138600, 138186 
Ni 221.648 2.0126 2.8231 5.0706 
Ph 220.353 -2.8197 -7.7720 -3.6242 
Sh 211.582 21.991 23.044 16.275 
Se 196.026 7470.0 7723.7 7740.8 
Si 251.611 3182.7 316.3.1) 3102.0 
Sn 189.9217 3.1992 5.9820 4.4991 
Sr 216.596 1f)OIX 11245 I l l 8 7  
Ti j22.283 43697 -4.16M 13.342 
TI lW.794 -6.2714 4.1978 -10.287 
V 289.164 6.02fi5 5.7137 2.8499 
Y 361.104 198034 198109 196659 
7.n 206.200 19.273 17.351 IO.lhl 
%r 257.147 123.12 117.02 117.06 

2003-11-23JPK. Vila All Data Report. 11/24/03.9:40:15 AM 4A 
El Wavelen. Sol'n Coiic: Units SD +!?RSD , In!. (e%) Calc-Cqnc-. 
Ag 328.068 -0.00?984u ppm 0.000213 7.1 -123.69 -0.02984 ppm 
AI 237.312 0.027641 ppin 0.003884 14.1 11.989 0.027641 ppm 
AS 18R.9XO -0.00945911 ppm OM5856 61.9 -3.1157 -0.009359 ppm 
B 240.772 0.5361 I ppin 0.01 I867 2.2 6517.0 0.53611 ppm 

R3 233.527 0..31)112 ppin O.fMJ6396 2.1 I1891 0.30112ppnl 
Re 234.861 0.000198 ppin O.(K)(X)71 35.9 5.6772 0.000198ppm 
Ca 315.887 2035.Oh ppin 30.575 1.5 1.321926l 2035.0 ppin 
Cd 21R.802 -0.000145u ppm 0.000381 155.3 -1.2212 -l).000245 ppm 
Co 231.160 -0.IX).i.372uh ppin 0.000703 20:) 6.5701 -0.003:72 ppm 
Cr 267.716 -0.000897ii ppm 0.000093 10.4 , 6.5787 -0.000897 ppin 
C u  X24.754 0.019152 ppin O.OIX)215 1.1 837.84 0.019152 ppni 
re 261.i82 O.(Mh66O ppm 0.000571 8.6 19.460 O.OM660 ppni 
I: 728.181 26'J.OSh ppm I.;XX.3 0.5 421782 2h1).05 ppm 
1.i 610.365 -0.30769uh ppni 0.019151 6.2 -43938 -0.30769 ppni 
Mg 279.078 0.096267 ppm 0.00546.3 5.7 98.704 0.096267 ppni 
Mn 293.305 0.001578 ppm 0.00079.3 18.6 3.3.889 1).001578 ppni 
Mo 202.032 0.079340 ppm 0.000370 0.5 -3S1.79 0.070340 ppni 
NE 589.502 I8R.I l o  ppm 0.89150 0.5 30870218 188.11 ppni 
Na 568.RZI 437.32h ppm 1.7912 0.4 138101 437.32 ppni 
Ni 221.648 0.000871 ppm O.lH)0856 104.3 i.6021 1).000821 ppni 
Ph 220.353 0.IH)O1.3 111 ppm 0.000282 215.3 -.LO723 O.(MOl3l ppm 

217.582 0.039779 ppm 0.005992 IS. I 20.436 0.039779 ppni 
196.026 30.481 ppm 0.604h8 2.0 7b44.9 30.381 ppni 

Si 251.611 1.4179 ppni 0.019093 1.3 ,3149.3 1.1179ppm 
So 189.927 0.004092 ppin 0.00 1891 37.9 5.5601 0.004992 ppm 
Sr 216.5% 1.0846 ppin O.Oi1138 1.6 Ill16 I.984hppni 
Ti 322.284 -0.0 10897~ ppin 0.000988 9. I 4.5 IS? -0.010897 ppm 
T1 190.794 -0.01 7 2 1 0 ~  ppni 0.004694 27.3 -8.5855 -0.017220 ppin 
V 289.16.1 0.000hS4 ppm 0.000?28 34.8 4.8634 O.(XJf%S4 ppni 
Zn 206.200 0.024694 ppiii 0.00 I5 17 6. I 18.505 0.024604 ppni 
7.r 257.147 0.00913R ppm 0.000307 3.3 119.06 0.01)9238 ppni 

IS 

Y361.104 
Y 361.104 
Y 361.104 
Y 361.104 
Y 36I.lOd 
Y 36l.lO4 
Y 361.104 
Y 3h1.104 

Y 361.104 
Y 361.104 
Y 361.104 
Y 361.104 
Y 3b1.104 
Y 361.104 
Y 361.104 
Y 361,104 
Y .361.104 
Y 361.104 
Y 361.104 
Y 361.104 
Y .361.104 
Y 361.104 
Y 361.104 
Y 361.104 
Y 361.104 

Y 361.104 
Y 361.101 
Y 361.104 

y%i,ioi 

Y i61.104 

Y 361. I 03 
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R. Reper 5.t ISninp) 
Weight: I Volullle: I IXlmion. I 

I1/?3/03, .k-1.k5ll I’M Hack 2. Tiilir R 

13 Wavelen. Heplicaks Intcnsity (ci.5) 
A s  3?8.068 .l?l.X4 -117.86 -lii.U 
AI ?.37..312 6.3907 6.9253 11.197 
.As IXR.980 -.3.8044 -7.6.?98 -I.?054 
I3 149.772 4959.9 3256..3 52663 

Re 2.31.86l -0.70175 ?.756(1 1.234 
Ca 315.887 1.35098?1 13647572 1.i75OO.3.5 
CJ 218.802 -2.4884 -4.1718 -0.79532 
(:o ?.3I.l60 11.595 9.2357 13.502 
Cr 267.716 8..3411 -6.3645 7.41)M) 
cu -374.754 863..34 838.21 846.16 
I‘c ?6l..382 15.211 11.857 11.155 
K 72X.181 418612 421309 420684 
1.i 610.365 -4659.; -47545 -17491 
Mg 279.078 57.664 69.338 71.031 
Mn 293.305 37.444 ?9..101 29.1RI 
bio 201.032 274.01 269.91 275.10 
Nu 580.592 29781202 29424186 3187528 
~n 568.821 1 ~ 1 f i 9  io2864 103.141 
Ni 221.648 S.8582 4.7637 4. IS I4  
Ph 220.353 -4. I S  19 -2.035 I -5.4930 
Sh 217.S82 20.117 20.696 15.255 
Se 196.026 664 I .O 6‘135.3 6980. I 
Si 2Sl.61 I 2644.1 2617.5 2652.6 
Sn IXO.L)27 4.8057 3.9530 5.575s 
Sr 216.5% I0828 1107-1 Il0O.j 
‘ri . ~ 2 . ? 8 3  -4.6937 -8.537.3 -1.672.; 
TI 190.794 -9.0473 -7.2281 -8.3546 
V 289.164 -0..35368 0.651)29 -9.044 
Y 36l.lOd 107060 198388 199199 
I n  206.200 9.4945 5.2111 7.2661 
7.r 257.147 113.57 112.78 107.27 

nu 7.3327 11965 1 2 2 5 ~  12475 

El, Wavelcn, S$n Conc. Units SD o/~RSp Inr. [ck) Calc Conc. . !S . .  OF 
Ag .328.068 -0.002909~ ppni 0.1)00219 7.3 -124.35 -0.002999 ppm Y.361 .W I.0MXI 
A I  ’37.312 1).020741) ppm O.(H)4738 22.8 8.1710 0.020740 ppiii Y 361.104 1.0ooO 
A s  IXR.980 -0.007601u ppin 0.001045 53.2 -2S4W -0.007601 ppin Y -361. 104 1.001)o 
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El 
R 
I3a 
Re 
Ca 
I‘d 
To 
Cr 
CU 
1% 
I; 
1.i 
M g  
Mn 
hf0 
Na 
Na 
Ni 
Ph 
Sh 
SC 
Si 
Sn 
Sr 
Ti 

V 
Til 
%r 

‘r i 

Wavclen. 
219.772 
23.3.527 
233.861 
3 15.X87 
228.802 
23 I. 160 
267.716 
324.151 
26 I ,382 
728.181 
610.365 
270.078 
293.305 
202 .O.i2 
sx9.502 
568.821 
221.64R 
220.353 
217.582 
196.026 
2S1.611 
I R0.927 
216.596 
.322.?85 
190.794 
280.l64 
206.?01) 
?57.I47 

El Wavelen. Ratio 
Y 561:IOJ O.Xd671 

K. Rspcr In (Samp) 
Weiaht: I 

%RSD 
3.4 
2. I 

26.0 
0.0 

51.3 
14.7 
24.5 
I .7 

39.7 
0.3 
3.6 

I I3 
21.9 
I .0 
I .0 
0.6 
z7.4 

130.7 
13.9 
2.7 
0.7 

20.8 
I .3 
3.3 

12.6 
185.0 
34. I 
3.5 

Int. (cis) Calc Cow. 
5166.X 0.42378 ppin 
12233 0..30986 ppm 

1.0630 O.I)(lO I 18 ppm 
13638800 2099.6 ppin 

I 1.444 -0.0025XO ppni 
3.1285 -l).(M)lF)93 ppin 
849.25 0.019451 ppm 
12.758 0.002905 ppm 

12020 I 268.05 ppin 
-47197 -0.3h012 ppin 
66.01 I 0.0638.32 ppin 
32.009 0.001452 ppm 
273.01 0.061238 ppin 

29465306 179.60 ppin 
102825 321.32 ppin 
4.9’344 0.002125 ppin 

-4.1936 -0.0()0574 ppm 
IX.889 0.0.37234 ppm 
6RSZ.I 27.320 ppni 
2658.0 1.1952 ppin 
4.7781 0.005289 ppm 
10999 1.9637 ppni 

-4.9617 -0.01 1942 ppm 
-8,2101 -0.016408 ppin 
-3.2026 4.OMM109 ppm 

0.008550 ppin 

-2.4855 -0.Im0395 ppni 

7.3240 O.fX)XXJ6 ppn1 
I I I .2 I 

18% (CIS) SF[lnl) , .%RSD 
198216 lI)X0.244 0.5 

I1123/~13,1:J7:04 PM 
Volume: I Dilulion: I 

Rack 2, Tube 9 

El Wnvrl~n. Replicnres Intensity (cis) 
Ag 328.068 -135.43 - 1 3 . 8 3  -113.02 
AI 237.312 2.W.I O.1IM)O X.3013 
A s  IRX.980 -3.0400 -0.41948 -0,0132d 
I3 249.772 1679.i 4859.5 -1896.1 
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IS 
Y 36l.lO1 
Y .361.10)4 
Y 361.104 
Y .361.104 
Y 36l.l(W 
Y .36 I . l0!4 
Y i61.104 
Y 361.1oj 
Y 361.10-1 
Y 361.104 
Y 36l.lO-l 
Y361.101 
Y 361.104 
Y 361.104 
Y 361.104 
Y 361.101 
Y 3hl.ll)J 
Y 3hl.lO4 
Y 361.104 
Y 3fil.104 

Y .36I.l1)4 
Y 3bl.11)4 
Y 361.104 
Y .36l.l04 
Y 361.104 
Y 361.104 
Y .36l.l04 

Y 3 h i . m  

f 

I 

! 

!I 
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2003_11_23JPK. Msta All Data Report 11/24/03.940~15 AM 
I 

Fl Wavelen. Rcplicntes lrilcnsiiy(cisi 
na ?33..5?7 14418 I4696 I46Xb 
Re ?34.8hl -O..X?JI ?.9?8J 1987.3 
Ca i15.887 I456351 I I468.3667 141.31041 
Cd ??X.RO? 3.1819 i.9?7.3 - i . X O R O  
00 331.IW 10.508 7.51~.30 i 8663 
Cr 267.716 .3.03.39 X.1149 7.1255 
Cll i24.75J 867.5.3 906.7.3 904.0.; 
k ?6 l . i l 2  3.0155 i.66J6 0..2l.325 
K 718.IXI 4 4 5 W  345503 446746 
1.i 610.365 -51349 -52,322 -5261 I 
Mg 279.078 4.3.976 45.101 49. I20 
Mn 293.305 20.951 W.iG 4\),\>6 
Mo 702.0.32 267.47 257.115 267.79 
Na 589.S92 .3OO41918 2W79110 29817192 
Na 568.8?1 IO331 109526 109307 
Ni 221.648 5.0551 1.7953 1.0178 
Ph 2 2 0 3 3  -0.7XM3 -1.4821 -7.8104 
Sh 717.5X2 22.532 15.307 22.305 
Se 196.026 7455.2 7668.7 7729.1 
Si 251.611 1217.7 1156.3 125f1.9 
Sn 189.927 4.0.320 5.2260 3.4940 
Sr 216.596 10527 10709 I0649 
Ti .3?2.284 -5.71 I0  -19.219 -6.5072 
TI 190.794 -9.6656 -6.0814 -6.9768 
V ?X'l.l64 2.0217 -9.9181 -1.1349 
Y ,361.104 I96322 I97080 l96JI? 

7.r 257.147 I15.22 121.88 1?4.61 
7.n ?o6.?no 18.208 19.648 20.717 

El 

AI 
As 
R 
Ra 
Re 
Ca 
Cd 
co 

4 
Wavelen. 
328.068 
37.3 12 
188.9X0 
249.772 
233.527 
134.861 
i 15.887 
218.802 
23 I .I60 

%RSD, 
IO.? 
60.3 

lQ2.1 
2.4 
1.1 

23.2 
0.6 

1442.1 
I?.? 

2003-11-23JPK. Vista All Data Rem. 11124103,9:40:15 AM 

El WavtlFn. Sol'n Coir. llnits SD ?/oRSD 
Cr 267.716 -0.0OD')03u ppm 0.000083 0.2 
Cu 324.754 0.020577 ppni O.IXN566 2.X 
Fe 261.382 -0.002684~ ppm 0.04097.3 -36.2 
K 728.181 284.21h ppm 0.50867 0.2 

, 1.i 610.365 -0.41734uh ppm 0.015328 3.7 
Mg 270.078 0.044045 ppm O.(H)?683 6.1 
Mn 293.305 O.lX)t775 ppiii 0.I)MWoO 22.5 
Mo 21)2.032 0.050957 ppm 0.00(M85 0.1 
Na 589.592 I82.570 ppm 0.60101 0.3 
Na 568.X2I i41.3Xh ppni 0.38577 0.1 
Ni 22l.hJX O.CO1773 ppm O.(N)1441 X1.3 
Ph 2?0..35.3 -0.000086ti ppni 0.00?279 2653.0 
Sh 217.582 0.039140 pprn O.(K)6757 17.3 

Si 25 I .6l I ff.55286 ppm 0.009466 1.7 
Sn 189.927 0.104573 ppm 0.001204 26.3 
Sr 216.5% 1.8935 ppm l).016570 0.9 
'Ti i22.284 -0.0l2555~ ppm 0.000Rh7 6.9 
TI I(M.704 -0.014972~ pprn O.OoJ2l6 28.2 
V 280.165 ' -0.00o3X6l~ pprn 0.000804 20x3 
Zn 206.2M) 0.02H)l4 ppm 0.01777 6.8 
Zr 257.147 O.Do9458 pprn O.OOOdX2 5.1 

Se 1 9 6 . m  30.373 pprn 0.57382 1.9 

tB 
Int. IC!S) Calc Ciunc. 

~ 1%. 10 -0.002095 ppni 
3.6846 0.012409 ppm 

-1.4576 -0.00421 I ppm 
481 I .6 0.39485 ppni 
14600 0.37033 ppm 

1.5244 0.000125 ppm 
14659407 2756.7 pprn 

1.0737 0.000036 ppni 
7.11594 -0.003322 ppin 

Int. (ck)  Calc, Conc. 
6.1914 -0.IKI0903 ppm 

2.341 I -0.002684 ppni 

-52(194 4.41734 pprn 
46.066 O.I)440JS ppm 
36.810 0.101775 ppni 

29956272 I R2.57 ppni 
109391 .311.48 ppin 
2.6227 I).M)177.3 pprn 

-3.3596 -O.(MOOX6 ppni 
20.048 0.0.39140 ppm 
76 I 7.7 30373 p p ~  
1241.6 0.55286ppm 
4.307 0.004573 ppm 
1062X 1.8975 pprn 

-10.413 -0.012555 ppm 
-7.5746 -0.014972 ppm 
-.3.0101 -0.000386 ppm 
19.53 O.O?M)IJ ppm 
121.58 O.(KN4.58 ppm 

R92.77 (1.020577 ppin 

4 4 m 7  2x421 ppni 

267.43 0.059957 ppni 

K. Roper ZR (Smp) II/Z3/IM,4:50:18 I'M Hlck2,Tiilir I O  
Weighl: I Volume: I Dilui~oii: I 

El M'avrlen. Repiifales Intensity (c/s) . .  

AI 237.312 ~ . O ~ S Z  7.6908 3.4759 
Ag 3?X.O6& -109.68 -108.85 -119.79 

AS 188.080 - ? . x R I ~  -0.125J6 1.19oo 
R 219.772 6430.9 6686.2 6745.1 
l3a 133.527 I4095 i447R 13527 
13e m . w i  3.5289 1.s.x; s . ? ; ~  
(:a 3 15.887 14262606 I-lh059Jb 14607069 
Cd Z?X.Ro? 0.?5?84 2.4X91 ).46S6 
Co 2.31.160 6.1236 14.665 7.403? 
Cr 267.116 8.174.3 1.8668 8.5751 

IS 
Y.361.104 
Y 36l.lO4 
Y 361.104 
Y 361.I01 
Y 36l.lO4 
Y;~I.Io~. 
Y Mi.in4 
Y 361.105 
Y 361.101 

15 
Y 361.104 
Y 361.104 
Y 361.104 
Y 361.101 
Y 361.104 
Y 361.104 
Y Ml. lO4 
Y 36l.104 
Y 361.10l4 
Y 361.104 
Y 36l.lO4 
Y 361.lOJ 
Y 36l.lOJ 
Y ,361.104 
Y i6l.104 
Y 361.104 
Y i61.104 
Y .361.104 
Y .36I.l04 
Y .361.104 
Y . X I . I ~ ~  
Y ihi.in5 
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2003. 

13 
Clt 
I'e 
K 
1.i 
big 
MI1 

Mo 
Nil 
Na 
Ni 
Ph 
Sh 
Se 
S i  
Sn 
Sr 
Ti  
TI 
v 
Y 
h 
7.r 

El. 
Ag 
A I 
AS 
R 
na 
Be 

Cd 
CO 
Cr 
C U  
re 
K 
1.i 
M g  

c d  

-11-23JPK. Vista All Data Report. 11/24/03, 9:4015 AM 

Wawlen. Replicates Intensity (cic! 
.3?!4.7.51 473.95 R X ; . Y  888.77 
261..1S? 5.5964 5.7111 -1.1016 
728.181 444ijh 133891 4438Of> 
6lO.ihS -.507;6 -51556 -5160? 
279.07X i l . i h l  34.974 12.337 
29m)S i6.h6(l .Y).868 11.886 
20?.03? 285.51 202.0.3 287.27 
589.592 ?9X61 720 iOOt4264 2984542(1 
568.821 l161)SI) 116710 I Ih641 
221 ,648 .3.0340 - 1.0491 0.87048 
220.353 -4.476X i.6222 -3.0778 
217.582 1.3.28.1 24.438 24.860 
196.026 W 8 3  902 I .8 90S5.7 
?51.61 I 1313.8 1357.3 1345.2 
18'9.927 5.7580 4.0192 5.3195 
?l6.596 10136 IO.3?4 l034I 
322.2R1 5.1377 -O.l%!Il -1.2439 
190.794 -9.5308 -0.6939 - 1  1.911 
289.164 -3.0545 -1.li56 -;.!I876 

?06.?00 7.9053 7.81178 10.736 
257.147 102.96 124.12 119.32 

36i.104 197127 107~34 1 ~ x 9 9  

Wavelen. 
I?X.MX 
237.312 
1 R8.980 
249.772 
233.527 
234.861 
315.887 
228.802 
25I.lrn 
267.716 
324,754 
261.3X2 
728. I 8 I 
610..365 
279.078 

%RSD 
6.2 

27.5 
412.2 

2. 5 
1.7 

20.2 
I .4 

106.3 
25.7 
12.3 
1.0 

102.8 
0. I 
2.8 

16.2 

ilia 
int (ch) Calc Conc. 
- 1  12.7X -0.1)(32685 pptn 
5.0773 0.1314940 ppm 

-1).60579 -l). l ) f l ISMl ppn1 
M20.7 0.54471 ppm 
14367 0.36437 ppni 

3.4.727 0.fWNl158 ppin 
14492173 2231.0ppm 

1.5693 O.(KHI098 ppm 
9.3971 -am I 76 pPtvl 
6.2055 -0.Orn)902 ppm 
882.09 1).020300 ppm 
3.3353 -0.00?13? ppni 
431114 283.13 ppm 
-51298 -0.4081 1 ppm 
36.224 0.03428I ppin 

2003-11-23JPK. Vista All Data Report. 11/24103,9:40:15 AM 

el Wavekn. Sul'n fpc .  Unitc SD %RSD 1st. (cA) c?lc Co?. 
Mn 203.305 0.1)01731) ppm 11.000?71 15.6 26.138 0.0017.30ppm 
MO ?oxw 0 . 0 6 m i  ppm 0.000777 1.2 288.25 0.064711 ppln 
Na 589.592 182.77n ppm 0.56304 0.3 29907136 182.27 ppm 
Na 568.821 .36J.X9h ppm 1.1331 0.3 I16478 .364.89 ppm 
Ni 221.648 0.000567 ppm 0.001374 242.4 0.9517? 0.000567 ppm 
Ph 270.353 O.(NlI131u ppm 0.111E549 225.3 -1.3108 0.001l31 ppm 

Se 196.026 35.561 ppm 0.94206 2.6 891X.6 35.561 ppm 
Si 251.61 I 0.50691 ppin 0.010196 1.7 1338.8 1).5969l ppni 
Sn 189.927 O.(X)5631 ppitr 0.01)1?28 21.8 5.0172 0.005634 ppni 
sr ll6.596 1.8331) PPI11 o.n?o.$nI 1 . 1  1 m 7  1.83.~) ppin 
Ti 322.284 4,0l 1247u ppm O.fKx1386 3.1 1.2364 -0.01 1247 ppin 
'Ti  190.794 - o . o ? i m ~  pptn o.003041 14.;   IO..^ - o . o x 2 s  ppm 
V 289.164 -0.1Nl047511 ppm 0.000077 16.2 -3,7326 -0.000475 pptn 
7n ?M.?O0 0.010981 ppm 0.002307 21.1) 8.8432 fl.OI09RI ppnl 
%r 357.147 0.00893R ppni O.MNM79 11.0 115.63 O.(X)R%Xppnl 

F.1 k'avden. Retio hi. (0)s) SD(1nt) %RSD 
Y' ; h i m  0.88360 197520 3PI,&S 0 2  

Sh 2 1 7 . ~ ~ 2  0.045960 ppm o.ooi34.; 2.9 13.196 o.04~960 pptn 

H. Rnper 3R (Sattip) 
Wright: i VOlUl~l~e: I Dilution: I 

1 l/23fiM, &53:32 Yhl Hack 2, Tubr I I 

51 Wavrlen. Replicates lntensily (cis) 
hg 32R.116X -1?7.28 -130.10 -113.73 
AI  237.112 7.7904 6.6284 9.1503 
As 188.080 0 21036 - 1.645 I -?.S554 
R 249.772 5721.6 5783.0 5950.4 
Ba 233.517 IS796 15699 1.5968 
Re 234.X61 2.3224 9.9?06 4.3653 
(:a .315.RR7 14321960 14028771 I4107564 
Cd 228.802 -2.5735 -6.8859 -2.I5.34 
Co 231,160 X.4582 13.539 6 .033  

i Cr 267.716 4.4353 13.362 7.5012 
Cu .324.754 896.82 889.72 XXO.IM1 
I'e 261 .382 4.8S')I)' S.ib04 .3.975') 
K 72X.181 4577ofl 431560 153527 
1.i 610..365 -49961 -40425 -51259 
M p  270.0713 3?.S48 37.616 40.173 
Mil  20.3.305 30.661 41375 44.263 
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El 
Mn 
Na 

-11-23JPK. Vista All Data Report 11/24/03.9:4015 AM 

W'aveleri. Replicates Inlznriry (c's) 
202.012 2x5.23 ?77.?3 286.28 
ss9.502 .iO575?6'i 29x01 i z  i(l24S-li2 

I 

! 

I 

I 

i 

Ma 
Ni 
Ph 
Sh 
.% 
Si 
Si1 
Sr 
Ti 
T1 
V 
Y 
Zn 
%r 

El 
A g 
A I  
As 
R 

Ra 
lk 
Ca 
Cd 

Cr 
CU 
FC 
K 
1.i 
Mr: 
hl n 
Mo 
Na 
N3 
Ni 
Ph 

r o  

568.8? I 
22Im48 
2z0.m 
217.582 

15l.hll 
.t89.027 
216396 
322.284 

289.164 

206.200 
257.147 

Wavelen. 

37.312 
188.980 
249.772 
233.527 
233.861 
,315.887 

23 1 .I 60 
267.716 
324,754 
261.382 
728.181 
610.365 

293.305 

sx9.592 
568.821 
22 I .648 
220.353 

196.026 

190.794 

36 I. in4 

32x.n68 

2zx.8n2 

179.078 

202.032 

llX.377 I?5?66 
1.6851 .3..3400 

-I .8192 1.3646 

6264. I 6.379.8 
12.30.9 IZZ8.f  
4.6199 1.4092 
IOM2 1077X 

-15. IO0 - 14.687 
-10. I l 8  -4.0356 
- 1.6242 -2.6776 

9.3408 11.324 
100.51 109.51 

F l 'n  Conc. llni5 

15.362 ?8.7!7 

i96.3nfi 2o i31 . i  

-0.nomt pptxl 
0.0 19785 ppm 

-0.003798~ ppm 
(1.47824 ppm 
o m 1 5 2  ppin 

0.l10019.3 ppin 
2194.lh ppni 

-o .ooom llpm 
-0.00if1791ih ppm 
-0.000921u ppni 
0.02047s ppnl 

-0.001 376u ppin 
286.37h ppin 

-03962 ltth ppm 
O.Oi34831 pptn 
om I 007 pprn 
0.063514 ppm 

n.(mto63 ppm 
0 . 0 0 0 X R I t  ppm 

184.030 ppm 
401 37h ppni 

IZS83.5 
O.iZ4hl 
-4.2580 
11.716 
h617.9 
1271.1 
5.8678 
IO13 
-.i 1.295 
-0.2960 

0.29.X3 

9..3676 
123.57 

I 97700 

SI'. 
0.brw)239 
0.00227 I 
o.no4413 

O.(X,3476 
n.rm)nnfix 

n.rmn.; t 4 
o.nmso 
0.~00052 
o.nnn?19 
n.nnn.3~2 

n.oz I 868 

naonw 
tmi 137 

n.oo I 2.37 

0.009R06 

30.5XI 

4.2137 

0.00~854 

2.4540 
6.17% 

0.001692 
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?4RSp, , Int.,(c/s) C d c  Conc. 
8.0 -1~3.70 -0.002981 pptn 

11.5 7.8564 0.0197RS ppm 

2.1 5818.3 0.47823 ppin 
0.9 15821 o.dois2 pptn 

35. I 5.5028 0.000193 ppin 
1.4 14252768 2193.1 ppm 

56.4 -3.8709 -0.000556 ppm 
22. I 9.331 I -0.003079 ppm 
5.7 5.4543 -0M)0)924 pptn 
1 . 1  ~ 8 8 . 8 5  0.02047s ppm 

27.R 4.7317 .0.001.?7hppm 
1.5 449262 286.37 ppm 
5.5 -502 15 -0.3962 I ppnl 

11.1 36.780 0.034841 pptn 
25.3 38.766 O.OOl907 ppin 

1.8 2132.91 0.063514 pptn 
1.3 301966OR IM.0.3 ppin 
1.5 127529 4ni.37ppm 

I 16.4 1.5698 n.ooio63 pptn 
171.2 -1.5475 o.normx pptn 

116.2 -1.3234 -0.003708 ppni 

2003-11-23JPK. Vita All Data Report. 11124103.9:40:15 AM 

El \"..elen. Soh Ct?iic., Ibis SD . YoRSD .Int. (c/s), Calc Conc. 
Sh 217.582 0.036755 ppm o.nisn4 40.1 18.598 0.036755 ppA 
Se 196.026 25.599 ppm 0.71935 2.8 M20.6 25.599ppm 
Si 251.61 I 1).55369 ppm 0.01088; 2.0 1243.5 0.55369 ppni 
Sn 189.927 0.004227 ppm 1).0()3056 72.3 3.9956 0.005227 ppm 
Sr 2lh.596 I.9360 ppm 0.011975 0.6 IO843 1.9360ppln 
Ti  321.284 -0.Ol.3686u ppin 0.001066 7.8 -20.391 -0.013686 ppm 
11 190.794 -0.015525it ppm 0.007473 48. I -7.R232 -0.015525 ppm 
V 1X9.IM -O.~H)O164u pptn 0.000196 t 19.5 -1.3362 -O.(X)O164ppm 
ZIT 206.2fM) 0.012623 ppm o.oai6oo 12.7 io.nii 0.012621ppm 
Zr 2.57.147 o.nnx540 pprn 1).001f)17 I 1.9 l l 1 . 2 1  n . r m ~ 5 ~ o p ~ n ~  

El Wavelen. Ralio Int: ( c h )  SD(lnt) %RSD 
Y 361. i iK 0.8878s 198469 257?.295 1.; 

R. HnperJB (Smtp) 11R3/113,J:S6:4h PM Rack2,Tuhe I 2  
Weight: I Volume: I Dilution: I 

El . W3velenle?: Replicates IntensirS. (ck) 
ng 328.068 -1ox.16 -106.70 -iim 
AI 237.312 9.8013 5.0163 6.6911 
As 188.980 -1.4202 -0.526134 0.12llh 
R 249.772 4431.1 4644.9 4694.0 
I3a 233.527 15014 15371 15508 

Ca 315.887 13848566 13965241 I41 17.31 I 
Cd 228.801 1.6922 -1.6112 -2.4633 
('0 2i1.1640 5.3971 11.671: 6.0659 
Cr 267.716 1.9117 7.8583 6.3567 
Cit .314.754 . 861.69 871.88 865.20 
I? 261.381 3.1060 2.0503 r(.lhRh 
K 728.IXI 359204 459875 15RI)?8 
i.i hlO.365 -48090 -48578 -485% 
Mg 279.07.9 :2.905 .39.510 J 4 . W  
Mn 293.305 28.977 40.852 40.59l 

Na 589.592 31063IO-i il.338716 31757780 
Na 568.82l 151572 153607' l5?RI9 
Mi 221.648 5.41W 4 7175 5.0804 
Ph 220.353 1.10dX -5.,3060 -4.2827 
Sh 217.581 19.922 19.R2Z 18.275 

~ 3 . m  2.6761 4.7860 J . I X ~  

MO m.o.i2 mm i25.45 329.15 

IS DI: 
v;&i.ioi i.rjdiio 
Y 361.104 1.0000 
Y 361.104 i.nnnn 
Y361.104 1.0000 
Y 361.104 1.0000 
Y .361.104 i.nnix) 
Y 361.101 I.oool) 
Y i61.104 I.OOM) 
Y i61.104 I.0I)on 
Y ih1.104 I.oi)IM) 
Y 36 I .  104 I .000(1 

Y 3 6 l . l W  I.0000 
Y 361.103 l l M 0 0  

Y 361.104 I.OOMI 
Y361.104 I.Wo0 
Y 361.104 I . fM)oO 
Y 361 .11~  1.0000 
Y 361,104 1.00on 
Y .361.104 1.0001) 

Y x i . 1 0 4  i.oonn 

Y 361.104 i.ooon 

i 
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SC 

Si 
Sn 
Sr 
Ti 

V 
Y 
%n 
Zr 

131 
4 
A I  
h S 

n 
I30 
Re 
Cil 
Cd 
Co 
Cr 
CU 
Fe 
K 
f.i 
hi 8 
Mn 
Mo 
Na 
Nil 
Ni 
Ph 
Sh 
Se 
Si 
Si1 
Sr 
'ri 

.r i 

I96. Im 
251.611 
IX9.'1?7 
216.S96 
,322.281 
190.794 
289.164 
.MI . Io4 
206.200 
257.147 

N'avelm 
328.068 
237.3 12 
IXX.9X0 
249.772 
233.527 
234.861 
315.887 
?28.802 
23l.lfil) 
267.716 
324.754 
261.182 
728. I X I  
610..365 
279.078 
?9.3.305 
202.0.3 2 
589.592 
56X.821 
22 I .648 
220..353 
217.58? 
196.026 
251.6ll 
189.927 
216.596 
322.284 

6'296.3 6742.; 
1618.2 1700.7 
5.0775 .?.98?I 
10?53 10488 

9.2966 -6.7.3I)O 
-9.8926 -6.4.W 
0.566?8 9.1165 
I96504 11)7706 
15.781 14.748 
X3.6XI 99.?55 

Sol'n Qnc. llnits 
-O.lM)2608u ppni 
0.019157 ppni 

-0.fK)1570u pp111 
0.37650 ppn 
0.iX816 ppm 

0.ODOl63 ppni 
2151.7h ppni 

-0.noO I x5u PPI11 

-0.fN133 I7uh ppni 
-0.00W)26u ppii 
0.0 I9888 ppni 

-D.M)l370o ppni 
?92.54h ppni 

-O..i695iiih ppin 
O.l).36X64 ppm 
O.I)01977 ppin 
0.073309 ppm 

IOl.230 ppni 
485.lOh ppm 

~).0030)43 ppm 

0.037975 ppni 
26.739 ppm 

0.75514 ppm 
0.004797 ppm 

1.8hll  ppm 
-0.01 I675u ppm 

0.00020 I u ppm 

El Wavclen. Replicates Inteiisiiy (c is )  

0.026888 

6Xi1).7 
1711..3 
4. I 870 
10534 

-9.950? 
- I 1 .J5h 
-7.7648 
I97 198 
16.528 
94. I70 

SD 

O.M)3699 
0.002406 
0.01 1577 
0.006513 
0.oo(x119 

10.746 
0.000263 

O.(XHx)9 I 
1).000 I34 
0.001619 
0.58954 

0.006387 
O.MS567 
0.000697 
1).0008 I 7  

2.1 178 
1.7693 

0.oOc) 154 

n.ooo6i I 

0.00022x 
0.0020h7 
0.00 IS I9 

0.72977 
O.OI sa34 
n.000791 

4B 
%RSD In!: ( ch )  Cnlc Conc. 

5.2 - I  10.24 .0.002608 ppni 
19.3 7.4696 1).019157 ppni 

152.3 -0.60X29 -O.Of)l579 ppin 
3.1 4590.0 0.37650 ppm 
1.7 I5298 0.3X816 ppni 

11.3 .?.X828 0.000165 ppin 
1.0 139771)10 2151.7 ppm 

142.2 -0.79408 -13.000185 ppin 
18.4 7.7l.X -0.00.3.317ppni 
9.8 5.3855 -0.001r)26 ppm 
0.7 X66.26 0.0I98XX ppm 

118.2 4.7419 -I).Ofi1370 ppni 
0.2 4590% 3 2 . 5 4  ppni 
1.7 -48408 -0.36953 ppin 

35.3 39.807 0.1)01977 ppni 
1.1 325.54 0.1370.309 ppm 
1 . 1  .il38hS62 191.23 ppm 
0.4 I52999 3RS.IOppm 
7.5 5.071 I l).fx).?043 ppni 

15.1 38.827 n.r l j6w ppm 

1026.4 -2.9280 0.0201 ppm 
3.0 19.30 0.037975 ppm 
2.7 6706.4 26.739 ppm 
?.I 1687.7 0.75514 ppin 

16.5 4.3155 0.004797 ppm 
1.4' 10425 1.Xhll ppm 

0.001 I64 10.0 -2.4612 -0.01 I675 ppm 

IS 
Y 361.104 
Y 361.101 
Y 361.104 
Y 361.104 
Y 361.104 
Y 361.104 
Y 36l.lO4 

Y .361.104 
Y 361.104 
Y 361.104 
Y .i6l.lO-l 
Y .361.104 
Y 361.104 

Y 361.104 
Y ,361.104 
Y 361.104 
Y 361.104 
Y 361.104 
Y 361.103 
Y 361.104 
Y ,351.104 
Y .?61.101 
Y 361.104 
Y 361.104 
Y 361.104 

Y x i . 1 0 4  

Y x i . 1 0 4  

2003_11_23JPK. Vista All Data Repoh. 11/24/03,9:40:15 AM 

El Wavelen. Sol'nCone. , llnits SD. , %RSD, Int. (ck) Calc Cnnc. IS DF 
TI 190.794 -0.018771~ ppin d.005786 30.8 -9.2669 -0.018771 ppm Y 361.i04 . I:hOoO 
V ZR9.164 0.IH)OlO9u ppm 0.001104 1015.6 0.67266 0.000l09ppm Y 361.104 1.0000 

Zn 206.200 0.020605 ppni 0.0017-57 6.1 1.5.687 0.02MM ppm Y 361.104 I.lH)M) 
7.r 257.147 I).1K)6902 ppni 0.000695 10.1 92.368 0.1)069n2 pptii Y 361.104 l.lM00 

El . Wayelen. Ratio, !yr.(c!s) ~( . ) -~. .~93. .  SD(lnt) . . %RSn 
Y 361.I(N O.xs188 197136 0.3 

R. Hoper 58 (Saiitp) 11/23/03,5110:01 Phl Rack 2, Tube 13 
Weight: I Volume: I Dilution: I 

El Wavelen. Replicates Inrensjy (c is)  .. . . . . . . . 
Ag .32X.O6X -l2l-.56 -122.36 -121.48 
AI 237.112 6.6393 i.3604 5.5155 
As 188.980 -1.4065 -1.2779 -0.85667 
R 249.772 7743.9 790.6 8103.6 

Ra 233.527 14554 14734 14x05 
Be 234.861 -0.71.;6? -0.9?591 4.6254 
Ca 315.887 14??2O?i 14419442 14512643 
Cd 22X.XO2 2.3772 2.516? - -1.7635 
(-0 2.31.161) 0.83662 4,6535 11.327 
Cr 267.716 5..3911 -1.6315 10.588 
co 324.754 870.75 892.91 x7x.99 
I+ ?6l.i82 5.9501 13.368 -1.9118 
K 728.IXI 45IR60 454230 1.54453 
1.i 610.365 -5ORI2 -5174.4 -52227 

Mg ?79.078 30.001 35-07? 36.864 
Mn 293.305 38.073 40.848 29.178 
Mn ?02.032 272.3 276.19 275.29 
Na 5x9.592 ?9X98244 29981 $98 2074595x 
Na 56X.821 117146 117981 I18435 
Ni ? Z I . M X  4.7165 4.6246 S.38.37 
Ph ZZO.i5.? -l.i604 -l.l6?6 -2.4988 
Sh 217.582 13.151 19.200 22.303 
St l%.O?6 hX65.7 7200.1 7294.0 
Si ?51.6lI 1187.4 1154.7 1177.6 
Sn 189.927 5..387.5 ~ . . > I x I )  4x257 
Sr 216.596 10231 IO314 10035 
Ti 322.283 -.3.1706 -10.366 -6.09X6 
TI I'W).794 -6.1531 -11.08~) -7.8153 
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E1 Wavefcn. Reulicates Intenpin; (c!O 
V 
Y 
%n 
Zr 

El 
Ag 
A I 
AS 

R 
Ra 
Be 
Ca 
Cd 
co 
Cr 
Cu 
[IC 

K 
1.i 
Mz 
Mn 
MO 
Na 
Na 
Ni 
Ph 
Sh 
se 
si 
.%I 

Sr 
Ti 
TI 
V 
Zn 
Zr 

289,164 
.36 I . I 04 
206h.?(x) 
37.147 

W?vel?n. 
328.068 
3 7 . 3  I:! 
I KR.980 
249.772 
233.527 
2.34.R61 
315.887 
218.802 
23 1.160 
267.716 
.324.754 
261.382 
728.181 
610.165 
279.078 
293.305 
202.032 
589.592 
568.X2I 
22l.hlR 
220.353 
217.582 
196.026 
'?51.611 
189.927 
216.596 
322.284 
190.793 
2x9. I64 
?M.?00 
257.147 

. .  
0.R3754 -.;.5940 

IOK.?5.? 198681 
11.288 7.7677 
85.142 92.29s 

%I'n,Conc. l i n i ~  
-0.002922~ ppm 
0.015092 pp'n 

-0.(0.3.35 I t i  pprn 
0.65449 pprn 
037282 ppni 

0.OI)Ot I6 ppin 
2214.4h ppm 

O.Do00.3iu ppn1 
-0.W37h4uh pprn 
- 0 . W 0 4 4 ~  ppin 
0.020269 pp1n 

-0.WO795u ppm 
2X9.06h ppm 

-0.4200 I uh ppin 
0.032084 ppin 
0.W1925 pprn 
0.06 1606 ppin 

.369.54h ppin 
0.003367 ppin 
01~00'H)9 ppin 
11.036 I R2 ppin 

28.388 ppn1 
0.52IX6 ppin 

0.0062X.S ppm 
1.8376 ppm 

-0.012l20u ppm 
-0.016727~ ppni 
-0.00003 I u ppin 
0.012714 ppm 
0.006744 ppin 

18?.080 ppin 

1.3700 
I OX 7.3 7 
11.165 
94..>ih 

SD. 

0.002997 

0.01 5237 
0.00.7.iO 2 
0.00l3051 

21.844 

0.ow')4 I 
0.0Km I 8 I 
0.000290 
l).lKl1 176 
0.90?58 

0.016h83 
0.W34R2 
0.000699 
1).000462 

0.72305 
2.1398 

0.000279 
0.1~00425 
0.007722 

0.80773 
0.0076 10 

0.009797 

0.on5676 
0.000373 
0.01)?81 1 
0.000122 

m)wi 3 

o.~w)nx94 

o ( x ) m  I 

o.w io24 

0.00040~ 

5B 
XKSQ In!. (CA) falc Conc. 

0.5 -IZI..W) -0.002922ppi11 
19.9 5.1717 O.OIS(M?ppm 
26.7 -1.1801 -0.003351 ppnl 

2.3 7946.0 0.65419 ppni 
0.0 I W ) ~  0.372~2 0 , ~  
16.8 0.98527 0.0001 lhppm 

1.1) 14384703 2214.4 ppm 
877.3 I . O l i i  0.00003; pp11 

25.0 5.60.57 -0.003761 ppni 
19.2 4.7825 -0.000944 ppni 

I .4 RXO.88 0.020269 ppin 
525 I .5.7921 -0.000795 ppm 

0.3 -153517 289.06 ppm 
4.0 -51.594 -0.42OC)l ppin 

.36.3 39.033 0.001925 pprn 
0.7 174.61 0.06 IhOh ppin 
0.4 29875194 182.08 pprn 
0.6 I17854 369.54 ppm 
8.3 4.9083 0.003367 ppin 

46.7 ~ 1.6740 0.000909 ppin 
'1.3 IX.248 0.036IX2 ppin 
3.2 7120.0 28.388 ppm 
I .5 I 173.1 0.52 I86 ppm 

16.3 5.5104 O.l)06285 pprn 
0.5 10293 1.8376 ppm 
3.4 -6.5151 -0.012120ppm 

33.9 -9.3523 4.016727 ppm 
-0.32880 -0.0003 I ppin 

22.1 10.074 0.0127llppm 
6.: 90.584 0.W714ppni 

1o.9 .;4.010 o.omx4 pplll 

I 2  13.0 

2003-11-23JPK. Vista All Data Repott. 11/24/03, 9:40:15 AM 

CI Wayelen. , Ratio lnt.(c!s) SD(lnI) %RSD 
v 361.104 6.8883d 19x589 205.368 0.1 

Ra 233.527 
Re 234.861 
Ca 315.X97 
Cd 228.802 
Co ?.;1.160 
Cr 267.716 
C:u 324.754 
I'e 26l.iX2 
K 728.181 
1.i 610.365 

Mg 279.078 
M n  293,305 
Mo 202.032 
Na 589.592 
Ns 568.X21 
Ni 221.648 
Ph 220.353 
Sh 217.582 
Se 196.026 
Si 251.hll 
Sn 189.1127 
Sr 216.396 
Ti 322.284 
TI I'N.794 
V 389.164 
Y 361.104 
Zn 206.200 
Zr 257.147 

CCV (CCV) 11/23/113,5:03:15PAI Kack2,Tuhe 14 
El Wayelen., Replicates!ntensity ( C I S )  
Ag 32R.06X 35823 36248 36172 
AI 237.312 2682.X 27M.X 2758.7 
As 18X.980 1582.1 1609.0 lh1?.2 
8 249.772 23917 24541 11377 

186.358 IO0623 I9Iof2 
2x9295 295823 296737 
514812 
40535 
26647 

161291 
IR9IM) 
8643.0 
79951 

21 1062 
IhXR4 
70392 

4 149.3 
813?508 

13651 
7076.7 
7916.9 
605.85 
124.3. I 
I 1598 

3425.3 
26091 
42682 
2030. I 
.37028 

21 8.3 1 0  
.32D(.8 
55200 

.3? I129 
31.568 
27252 
165845 
194 I37 
8864.8 
90994 

211791 

72097 
4276.2 

XZ6268X 
l38Y) 

7250.5 
8084.0 
616.47 
I254.0 
I1923 

3 560.6 
26x49 
43668 

2108.7 
37981 

2 Ix019 
3274.9 
56708 

48007 

321501 
41126 
273.x 

166472 
194.33 I 
X892.0 
8001s 

213936 
4x135 
72380 

824fl909 
1.3862 

7185.1 
RI20.2 
MS.85 
1266.7 
12071 

.\562.2 
T 3 6 5  
43804 
z 126.3 
.3Xl)76 

. ? I X X R I  
;io1 11 
569 I 5 

1.: 10.0 

IS DF 
v ,361,104- I.~IXtrn 
Y ;61.104 l.oo00 
Y .361.104 1.0000 
Y 36 I .  I04 I .0000 
Y 361.104 1.0000 
V.361.1W 1.0000 
V361.10j I.W00 
Y .36 I. IO4 I .0000 
V361.104 1.w00 
V361.101 I.Oo0 
Y 36 I .  IW 1 .CWO 
Y 36i.104 1.0000 
V 3 6 l . l W  1.0000 
V36l.lOJ I .~xxx)  
Y .Xil.lOJ l.WO0 
Y.361.104 1.0000 
V36I. l04 1.0000 
V361.101 1.0000 
Y .361.104 1.0000 
v 361.104 1.oow 
V361.104 I.IX)O0 
Y 361.1011 I.00fX) 
v 36 I. 104 I .0000 
v 361.104 I.LHioO 
Y 361.104 I.IKwH) 
Y 361.104 1.0ooo 

Y 3h1.103 1.0000 
V361.101 I.mO 
V;hl. lw 1.wm 
V 361.104 1.0000 

~361 .104  1.0000 
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Ql’n Conc. 
09’71)?; 

4.8845 
4.9711 
2.01 3 0  
4.8335 
5.0519 
49. I47 
4.937’1 
4.8Ol6 
4.8580 
4.9823 
4.8290 
5 . 2 5 2  
4.9522 
47.297 
4.X260 

0.97392 
so.601f 
4.8 I77 
4.7378 
1.0166 
5.0002 
5.3699 
4.7717 
4.7760 
4.XX25 
4.6864 
4.9199 
4.5740 
4.9.302 

Ratio 
0.9771)2 

F,I Wavelen 

A I  3 7 3 1 2  
As 188.980 
B 249.771 
I3a 233.527 
13e 234.861 
Ca .315.8$7 
Cd ??X.802 
(‘0 231.164) 
Cr 267.716 
To 324.754 
R 261.382 
K 728.181 
1.i 610..365 
Mg 279.078 
Mn 29.7.305 

Na 5X9.591_ 
Ni 221.648 
Ph 220.353 
Sh 217.582 
se 196.026 
Si 251.611 
Sn 180.927 
Sr 216.596 
Ti 322.284 
I 1  190.794 
V 2X9.164 
%n ?o(5.?rio 
Zr 257.147 

El wnvelen. 
..J 361.104 

RLAIII (CCR) 

Ag 328.068 

MO 102.032 

. .  IS QCValue 
Y i61.104 97.02756 
Y .3hl.ll)J 97.69n37 
Y ihl.lO4 99.4621# 
Y 361.104 100.65072 
Y 36l.104 9666956 
Y i61.104 l01.n9?6l 
Y ,361. In4 OX.20487 
Yihl.ln4 98.75770 
Y .361.104 960.?281 
Y .~61.104 97.15947 
Y 361.104 99.64690 
Y 361.104 96.58077 
Y .36 I. I03 106.50167 
Y .36l.l04 99.0.1.362 
Y .361.104 94.59.777 
Y 361.104 96.51912 
Y.3hl.lIM 97.39198 
Y 361.104 101.199.3.i 
Y .361.104 96.35184 
Y 361.104 94.75651 
Y x1.10-1 IOl.659XI 
Y 361.104 100.00385 
Y 361.104 107..39806 
Y i h l .  104 95.4.357 
Y 3hl.ll)4 95.53879 

Y 361.104 93.72845 
Y 361.104 98.19X55 
Y 361.104 91.47058 
Y 361.10.1 911.60396 

Y 361.104 97.65016 

1.0 lh01.1 4.0731 ppn1 
1.4 7 1 i l ?  2.01iOppm 
1.1 I 8 9 3 7  4.8335 ppm 
1.1 1 0 3 W  S.0S49 ppm 
1.2 .319?47 19.l-17ppni 
1.4 41176 4.9379ppm 
1.4 ?71)78 4.8016 ppni 
1.7 lh.1536 1.X5ROppm 
1.5 19254.3 4,982.3 ppin 
1.5 8799.9 4.8190 ppm 
11.7 806.3 I 5.?.25? ppm 
1.11 213600 A.9522 ppm 
1.4 47676 47.297 ppni 
1.5 71626 4.8260 ppm 
2.0 1X5. I 0.97392 ppm 
0,9 82 I4035 h % 3  ppni 
1.2 7170.8 J.8177ppm 
I .i RO4O.J 4.7;78 ppm 
1.0 609.30 1.0166 ppm 
0.9 1254.9 5.0002 ppm 
2.0 IIR6-I 5.36Wppm 
2.2 .3l6.0 4.7717 ppin 
2.4 26770 3.7769ppm 
1.5 43371 1.XX25ppm 
2.5 208x3 J.6864 ppm 
1.5 37695 4.9lWppin 
1.5 i260.9 4.5710 ppin 
I .6 56305 4.9302 ppm 

?’.RS_r, 
0.2 

11i23/03,j:06:311PM Kack2,Tohe IS 
El . Wtvelen. Rcplicates Intensity,(c/s) 
Ag 328.b6d -1.4731 -0.63812 -1i.365 
AI 237.312 -2.5229 -2.8953 -0.71399 
As 188.080 1.3710 0..50170 -0.11112 

2003-11-23JPK. Vista All Dala Report. 11/24/03,940:15 AM 

.. El . ... Wavelen.. Replicates Intensity ( d s )  
13 249.772 . 447.i4 . 417.62 395.59 

Page 30 of 31 

1 
Ba 233.527 
Be 234.861 
Ca 315.887 

Co 231.160 
Cr 267.716 
cu 324.754 
Fe 261.382 
K 72R.ISI, 
lei 610.365 
Mg 279.078 
Mn 293.305 
Mo 202.032 
Na 589.592 
Na 568.821 
Ni 221.618 
Ph 220.353 
Sh 217.582 
Se 196.0?6 
Si 251.611 
Sn 189.927 
Sr 216.596 
Ti 322.281 
TI 190.794 
V 289.164 
Y 361.104 
%n ? o h m )  
Zr 257. I47 

(:d 2x.m 

110.1 I 107.26 107.22 
12.251 2.7948 -0.89684 
1568.5 1503.1 1263.6 
3.9261 0.588X7 -0.86853 
l2.2XS 11.134 11.447 
138.37 122.57 128.03 
101.40 1 6 %  10.3.23 
6.9526 5.8530 6.9823 
111.41 107.93 107.33 
749.86 762.02 743.53 
h.OS9X 0.81807 1.1691 
0.623 I 5.1972 3.40.3 I 
29.464 28.845 I s.434 
1710.1 1447.4 1351.4 

-353.14 -402.03 -396.35 
-1.4591 -I.KOI? -2.5056 
-2.5004 -4.3806 -4.0151 
-.;. I67 I 1).0749X.5 -4.4523 

19.191 10.832 17.154 
94.661 94.985 80.317 

,026705 1.7031 -0.(15?045 
3,0293 -0.64900 2.5726 
1 11.95 108.64 107.62 
11.086 9.J93J 7.4890 
1.X533 1.2085 62649 

226970 Z27854 227631 
1.4269 0.9X085 1.0339 
83.874 66.658 53.x09 

f 

I t 

El 
A g 
A I  
As 
I3 
Ib 
RC 

Ce 
Cd 

. .  Wavelen. 
3 m 6 x  
237312 
IXR.981) 
249.772 
233.527 
23.i.861 
315.887 
228.802 

S o h  Conc. 
0.000262 
O.DOi7Oh 
0.001985 
0.0.; I (M I 
0.0001 i 8  
0.000 I80 
0.203.37 

0.O0I10601l 

%RSD- 
X0.3 
56.6 

119.7 
6.9 

.N.h 
64.8 
12.7 

490.3 

In!. ( d s )  Calc Conc. 
-2.4925 ’ O.&0162ppni 
-2.0141 0.003706 ppm 

0.S2052 0.001985 ppm 
4?0. I ?  0 0.3 IO91 ppin 
108.3) 0.040I;X ppin 
4.7162 0.000lXO ppni 
1445.1 1).20337 ppni 
I .z IS5 (I.~XI0(K,O ppn1 

IS  yc V y l e  
Y .36 I . 1 la 0.000?6 
Y 361.104 O.IH).371 
Y 361.104 0.01)198 
Y .:61.104 l).O3l09 
Y ,361.104 O.(K)OI4 
Y361.104 0.0~N)IX 
Y 361.104 0.20337% 
Y 361.104 0.001)1)6 

! I 
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El Wavrlen. Sol’n Conc. (h i ts  So WSD 1st. (c.F) c . 8 1 ~  colK 
CO 
C r  
cu 
Fe 
K 
1.i 
MS 
t v ~ n  
Mo 
Na 
Ni 
Ph 
Sh 
Se 
Si 
Sn 
Sr 
‘Ti 
‘11 
V 
Zn 
%r 

Y .. 
Y 

?.;I.I6n 
267.716 
,324,753 
161..382 
728.181 
610..365 
279.078 
29.3.BI)j 
207.032 
589.592 
22 1.64 
220.353 
217.582 
196.026 
251.611 
189.927 
216.596 
322.284 
190.704 
2119. I M 
206.200 
257.147 

Wavelen. 
36 I. 104 

ppni 0 . 0 ~ l O l O S  
ppin 0.iNW!;7 
ppn\ O.IXX)2ll 
ppin 0.000.35 I 
ppm 0.001487 
ppm O.Ix)O? I X 
ppni 0.0#”H)7 
ppin 0.000245 
ppni 0.001421 
ppni 1).001 IS? 
ppm n.iw)o.w) 
ppm O.IH)0587 
ppm 0.1M383X 
ppni O.(X)5575 
ppni 0.00144.3 
ppm O.(X)I 468 
ppin 0.000358 
ppni 1).001)256 
ppin 1).00509? 
ppin 0.000287 
ppni 0.000343 
ppm 1).001321 

Int. ids) SD(lnt) 
22748.9 454.119 

30.1 I 1.622 n.onN521 ppin 
X.6 129.66 n.lxE74.3 ppni 

XI.? 107.07 O.olH)?6J ppni 
99.4 6.i9hn -0.ol)O,35.3 ppni 
3 . 5  IOR.X9 -O.O06i?S ppni 
21.6 75 I .80 -O.~X)OSS5 ppni 

289.2 2.682.3 0.IK)IOOS ppni 
77.1 .5.71 I I -O.lX)03 I R ppni 

35.2 l503.0 O.(K)3274 plim 

149.9 -3.6310 -O.(X)0397 ppm 
189.8 -2.5148 0.1)1)20?2 ppiii 

7.9 IX.716 0.070762 ppm 
4.5 97.9R4 O.l)31997 ppin 

254.8 0 . ~ 3 5  -0.n1~576 pplll 
61.2 1.6507 0.001)SRS ppni 
24.5 109.40 l).O01046 ppni 
21.1 9.656.3 O.OX82R pprn 
Sh..? 410x9 0.000JIOppin 

197.Q 1.1172 o.noni73 ppni 
27.6 68. I 13 O.Onf79 I ppm 

32.5 25.5XI 0.001.3X6 ppm 

113.3 -1.9??0 -0.nofl.317~plli 

?/eRST) 
(1.2 
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